The Non-invasive Cardiac Output (NICO) monitor (Novametrix Medical Systems Inc., Wallingford, CT, U.S.A.) utilizes a minimally-invasive partial rebreathing method to determine cardiac output by means of a differential form of the Fick equation. We evaluated the NICO monitor by comparing its output to paired measurements obtained by the standard thermodilution (TD) technique in patients who had recently undergone cardiac surgery. Forty-two paired measurements were carried out in 12 patients. The correlation between the two methods was moderate with a correlation coefficient of 0.691. Repeated measures ANOVA showed that TD measures of cardiac output were significantly higher than those obtained by the NICO monitor (P=0.0003). Comparison of the two techniques using the method described by Bland and Altman showed decreased correlation at higher values of cardiac output.
A reliable method of non-invasive or minimallyinvasive cardiac output measurement has potential applications in the intensive care unit (ICU), the operating room, the coronary care unit and during transport of critically ill patients.
The new Non-invasive Cardiac Output (NICO) monitor by Novametrix Medical Systems (Wallingford, CT, U.S.A.) has recently become available for use in critically ill patients. This monitor uses a partial rebreathing method to determine cardiac output by means of a differential form of the Fick equation (Figure 1 ) 1-6 . This technique requires stable end-tidal carbon dioxide (ETCO 2 ) measurements.
The aim of this study was to evaluate the NICO monitor against the thermodilution (TD) technique of cardiac output measurement in patients in the ICU who had recently undergone cardiac surgery.
MATERIALS AND METHODS
Forty-two paired measurements of cardiac output were carried out in 12 cardiac surgery patients on their return from the operating room. Standard TD cardiac output measurements were carried out, via pulmonary artery catheters (7.5 gauge Arrow, Arrow International, Reading, PA, U.S.A.), on these patients as clinically indicated (approximately every four hours for the first 24 hours). The pulmonary artery catheters had been placed in the operating room as part of the standard management of cardiac patients. TD cardiac output was measured using three 10 ml bolus injections of 5% dextrose water at a temperature of approximately 4°C. The averaged values for the three injections were used to determine each cardiac output. The NICO monitor was attached to the patients on admission to the ICU as prescribed by the manufacturer. The NICO monitor provided updated cardiac output values approximately every three minutes. Every time a TD cardiac output measurement was taken, the most recent NICO measurement (immediately prior to the TD measurement) was also recorded. Paired measurement recording was ceased when the ETCO 2 was no longer stable due to spontaneous breathing, as determined on the NICO monitor.
The paired values were recorded manually on a work sheet. The correlation coefficient for the two methods was calculated. An analysis of variance (ANOVA) for repeated measures was carried out to further compare the two methods of cardiac output measurement. In addition a plot of the differences between the methods against their mean was carried out according to the method of Bland and Altman 7 .
RESULTS
Forty-two paired measurements from 12 patients were recorded. The mean cardiac output values for each of the 12 patients for both methods are shown graphically in Figure 2 . The mean (±standard deviation) cardiac output values in litres per minute (l/min) were as follows; TD 5.4 (1.59) and NICO 4.67 (1.51). The range of cardiac outputs was as follows; TD, 3.5-9.5 l/min and NICO, 2.6-9.1 l/min. The correlation coefficient (Pearson correlation, 2-tailed) was 0.691, significant at the 0.01 level.
However, the Bland-Altman plot (Figure 3) shows that as the average cardiac output measure increased, the difference between the two methods also 428 P. V. VAN increased. The ANOVA for repeated measures shows that cardiac outputs as measured by TD are significantly higher than those measured by NICO (P= 0.0003).
DISCUSSION
Cardiac output (CO) as determined by the NICO monitor correlated only moderately well with CO determined by TD in this group of post cardiac surgery patients. Graphically (Figure 2 ) it appears the correlation between the two methods was better in the 4 to 7 l/min cardiac output range. The spread of values above the 7 l/min level was large, as shown in Figure 3 . A post hoc analysis however, showed the correlation coefficient to be only slightly improved (0.744) in the 4 to 7 l/min cardiac output range, compared to the whole group (0.691).
The NICO monitor is appealing in view of the non-invasive method of measuring cardiac output. As such, it has application in patients where pulmonary artery catheterization is not possible or desirable. It avoids all the potential complications of pulmonary artery catheter insertion and maintenance. It does however require stable CO 2 elimination, as measured by ETCO 2 , for reliable CO measurement. This limits the application of the NICO monitor to patients who are sedated or anaesthetized (and preferably have also received muscle relaxants). Most ICU patients are now ventilated with modes which allow some spontaneous breathing. The NICO monitor is not suitable for use in these patients unless the minute ventilation is very stable.
As a partial rebreathing method is used by the NICO monitor, there is a cyclical increase in P a CO 2 of up to 4 mmHg. Patients with severe hypercarbia, pulmonary hypertension or raised intracranial pressure, unable to tolerate an increase in P a CO 2 , are also not suitable for this method. The cost of the NICO consumables is considerable, but comparable to the cost of placing and maintaining a pulmonary artery catheter.
We concluded that the NICO monitor may well have a place in intensive care monitoring, provided patients are not breathing spontaneously and are able to tolerate a 4 mmHg rise in P a CO 2 . The correlation with cardiac output as measured by TD in post cardiac surgery patients was only moderate. The correlation was poor when cardiac output was high. This may preclude use of the NICO monitor in patients with systemic inflammation, liver failure or high cardiac output states post cardiopulmonary bypass. The main application for this new monitor may be the non-invasive measurement of cardiac output in the operating room in anaesthetized patients. Note: An updated version of this monitor, designated the NICO 2 Revision 3.1 (Novametric Medical Systems, Wallingford, CT, U.S.A.), which the manufacturer claims is able to non-invasively measure cardiac output in patients who are mechanically ventilated, even when there is some spontaneous respiration, was launched at the Society for Critical Care Medicine meeting in February 2000.
